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Table S1: Illustrating the amount taken during synthesis. 

NiVP/Pi NiCl2.6H2O (g) 

(1.05 m mol) 

NH4VO3 (g) 

(1.05 m mol) 

Urea (g) 

(18.9 m mol) 

NH4F (g) 

(18.9 m mol) 

NiV(1:2)P/Pi 0.250 0.245 1.134 0.699 

NiV(1:1)P/Pi 0.250 0.123 1.134 0.699 

NiV(2:1)P/Pi 0.498 0.123 1.134 0.699 

NiV(3:1)P/Pi 0.748 0.123 1.134 0.699 

 

 

 

 

Fabrication of flexible paper electrode: Flexible paper electrode was prepared by simple drop-casting 

method, in which NiVP/Pi catalyst slurry was drop coated onto Whatman filter paper (1.1 mm thickness) with 

an area of 0.12 cm2 and the contact was made through the Cu wire using Ag-paste and sealed with Teflon tape 

and was dried at room temperature. NiVP/Pi catalyst coated Whatman filter paper serves as binder-free flexible 

working electrode for electrochemical measurement. 

 

 

Scheme S1: Schematic representation of the flexible paper electrode. 

 

 

 

 



Table S2: MP-AES results of NiVP/Pi catalysts. 

NiVP/Pi Feeding molar ratio of Ni:V Actual molar ratio of Ni:V 

NiV(1:2)P/Pi 1 : 2 1: 2.1 

NiV(1:1)P/Pi 1 : 1 1.1 : 1 

NiV(2:1)P/Pi 2 : 1 2.1 : 1 

NiV(3:1)P/Pi 3 : 1 2.9 : 1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure S1. SEM image of (a) NiV(1:1)LDH and (b) NiV(1:1)P/Pi catalyst. 
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Figure S2.  STEM line spectrum profile of NiV(2:1)P/Pi catalyst representing the distribution of Ni, V, P and 

O elements. 

 

 

 

 

Figure S3. (a) and (b) XRD pattern of NiVP/Pi catalysts, (c) O 1s XP spectra of NiV(2:1)P/Pi catalyst. 



 

 
 

 

Figure S4. (a)  Cyclic voltammograms comparison of NiV(1:1)P/Pi in 0.1 M NaOH electrolyte at a scan rate 

of 5 mV s−1, (b) CV response with Ni foam alone in 0.1 M NaOH electrolyte containing various conc. of 

glucose at a scan rate of 5 mV s-1, (c) Plot of current density versus concentration of glucose for NiV(1:1)P/Pi 

catalyst extracted from chronoamperometric study (Fig. 2f), CE: Pt wire, RE: double junction Ag/AgCl/3 M 

KCl. 

 



 

Figure S5. HRMS data of glucose oxidation.   

 

 Glucose Gluconolactone Gluconic acid Glucaric acid 

Parent Peak 180  178.14 196 210.14 

[M+1H]  181 179  211 

Adduct with (Na+-2H)  202.97 198.01 218.92 230.95 

Adduct with (2Na+-3H)  - 220.9 238.98 253 

Adduct with (Na++H2O-2H)    - - 249.01 

 

HR-MS analysis: To understand the product of the electrooxidation of glucose, the LC-MS measurement 

were performed using the electrolyte after the CV experiment with NiV(1:1)P/Pi catalyst in 0.1 M NaOH 

containing 200 µM of glucose. The results clearly illustrate the formation of oxidized products, describing the 

electro-oxidation of glucose. 

 

 

 

 



 

Figure S6. (a) Cyclic voltammograms and (b) EIS result for various catalysts in 0.1 M NaOH electrolyte 

containing 1 mM glucose at a scan rate of 5 mV s-1, CE: Pt wire, RE: double junction Ag/AgCl/3 M KCl. 

 

Electrochemical surface area (ECSA) 

Electrochemically active surface area of the catalyst was determined by calculating the double-layer 

pseudo-capacitance (Cdl) in the non-faradaic region in 0.1 M NaOH with an analyte solution. CV was 

performed in non-faradic region/double-layer region in potential range from 0.02 V to 0.15 V vs. 

Ag/AgCl/3 M KCl double junction at various scan rates (50 to 600 mV s-1). The slope of the plot 

between averaged current density of anodic and cathodic current (Ia+Ic)/2 (where, ‘a’ denotes anodic 

current and ‘c’ is for cathodic current) vs. the scan rate at 0.085 V vs. Ag/AgCl/3 M KCl gives pseudo-

capacitance. Cdl was dividing with the specific capacitance (Cs) of the flat standard surface (20-60 μF 

cm−2), which is considered to be 40 μF cm−2, gives electrochemical surface area (ECSA). The 

roughness of the surface was calculated by dividing the obtained ECSA with the geometrical surface 

area. 

ECSA calculation:1
 

ECSA = Cdl / Cs 

Table S3: Electrochemical surface area (ECSA) analysis. 

S.No. Catalyst Cdl (µF) at 0.955 V vs.  RHE ECSA (cm2 ) 

1. NiV(1:1)P/Pi 222 6.55 

2. NiV(1:1)LDH 220.8 5.52 

3. NiP/Pi 145.2 3.63 

4. VP/Pi 194.4 4.86 

 



 
 

Figure S7. Cyclic voltammograms of (a) NiV(1:1)P/Pi and (c) NiP/Pi at varying scan rates in the non-faradic 

potential region and (b & d) corresponding average current density respectively vs. scan rate at varying scan 

rates ranging from 50 to 600 mV s-1; CE: Pt wire, RE: double junction Ag/AgCl/3 M KCl. 
 

 

 

 

 

 

 

 

 

 

 

Figure S8. Cyclic voltammograms of (a) NiV(1:1)LDH at varying scan rates in the non-faradic potential region 

and (b) corresponding average current density respectively vs. scan rate at varying scan rates ranging from 50 

to 600 mV s-1; CE: Pt wire, RE: double junction Ag/AgCl/3 M KCl. 

 

 



 

 

 

 

 

 

 

 

 

 

Figure S9. (a) Cyclic voltammograms of NiV(1:1)P/Pi catalyst at various scan rates, and (b) corresponding 

average current density vs. scan rate in 0.1 M NaOH electrolyte containing 1 mM glucose CE: Pt wire, RE: 

double junction Ag/AgCl/3 M KCl.  

 

The effect of scan rate (scan rates ranged from 10 to 100 mV s−1) of the NiV(1:1)P/Pi material on the 

electrochemical response at 1 mM glucose was investigated by CV (Fig. S9). With increasing scan rate, the 

oxidation and reduction currents (Ipa and Ipc) increased, and simultaneously the anodic peak potential shifted 

slightly positively and negatively for the cathodic peak potential. The plot between anodic peak current (Ipa) 

and the cathodic peak current (Ipc) vs. the square root of the scan rate showed a linear relationship inferring 

that the electrooxidation of glucose by NiV(1:1)P/Pi is a typical diffusion-controlled process. 

 

 

 

 

 

 
 

 

 

 

 

 

 

Figure S10. Cyclic voltammograms of NiV(1:1)P/Pi catalyst in 0.1 M NaOH electrolyte containing 1 mM 

glucose for 100 cycles at a scan rate of 50 mV s-1, CE: Pt wire, RE: double junction Ag/AgCl/3 M KCl. 
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Figure S11. Cyclic voltammograms of NiV(1:1)P/Pi over paper electrode before and after pretreatment in 0.1 

M PBS electrolyte (pH =7.4)); CE: Pt wire, RE: double junction Ag/AgCl/3 M KCl. 

In the present work, for detection in the physiological pH (0.1 M PBS) the experiments were performed by 

applying pre-conditioning potential of −2.0 V for 30 s, on the NiV(1:1)P/Pi electrode followed by glucose 

addition for sensing. At this potential, protons were reduced on the electrode surface, which produces a 

localized alkaline environment on the electrode surface for glucose detection.2-4 The obtained cyclic 

voltammogram after preconditioning at −2.0 V exhibited well-defined redox behaviour, corresponding to the 

Ni(II)/(III) as shown in the Fig. S12A. With sequential addition of glucose, peak currents increases (Fig. 3b), 

suggesting that NiV(1:1)P/Pi catalyst can effectively catalyze the electrochemical glucose oxidation even at 

physiological pH. The obtained oxidation current was found to be in linear correlation with the glucose 

concentration (inset) with a superior sensitivity of 1670 μA mM-1 cm-2. 

 

Furthermore, in order to validate the applicability of the proposed sensor in practical applications for the 

detection of glucose, NiV(1:1)P/Pi catalyst was analyzed in real sample using human blood serum via standard 

addition method. Serum sample was injected in 0.1 M NaOH electrolyte and known amounts of glucose in the 

test solution was added. The obtained results are tabulated in Table S4 (SI). The recovery of the spiked sample 

ranges from 99 to 113, which determine the applicability of the proposed sensor for real time application as 

well. 

 

Table S4. Human serum sample analysis with NiV(1:1)P/Pi modified electrode. 

Sample Actual Conc. Conc. (Added) Conc. (found) Recovery (%) 

1. 100 μM 100 μM 198 μM 99 

2. 100 μM 200 μM 339 μM 113 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Figure S12A. Images displaying change of pH by applying -2 V in 0.1 M PBS (pH 7.4) solution containing 5 

μL of 5% phenolphthalein (in ethanol) in the electrochemical cell; CE: Pt wire, RE: double junction Ag/AgCl/3 

M KCl.  

 

 

 

Figure S12B. Color change on pH test strips of solution samples under static condition at different time, (a) 

before pretreated, (b-f) after pretreated for 0.5 min, 1 min, 2 min, 5 min, 7 min, (g) standard color change of 

the pH test strips. 



 

Figure S12C. XRD pattern of NiV(1:1)P/Pi catalyst after pretreatment along with standard profiles. 

 

 

 

Figure S13A. (a-b) SEM images and (c) XRD pattern of NiV(1:1)P/Pi before and after glucose oxidation. 



 

 

 

Figure S13B. EDS dot mapping of NiV(1:1)P/Pi catalyst (a) before and (b) after glucose oxidation. 

 

 

 

 

 

 



Table S5. Comparison of analytical performance of glucose sensor with various modified electrodes reported 

previously. 

Electrode Linear range 

 
Lowest 

detection 

limit (μM) 

Sensitivity  

(μA mΜ-1 cm-2) 

Ref. 

W18O49 electrode.  0.02  167  4 

Ni60Nb40 nanoglass 100 μM-2 mM 100 nM 20000  5 

Cu2O MSs/S-MWCNTs 4.95 μM-7 mM 1.46  581.89  6 

LIO-Ni electrode 5 μM-1.1mM 3.31  5222  7 

CoFe-PBA/Co-ZIF/NF 1.4 μM-1.5 mM 0.02  5270  8 

Ni4Fe-LDH & Ni4Fe/rGO5  0−4 mM  20.43 &176.8 9 

CuO nanostructures 5 μM-0.225 mM 0.41  3072  10 

Ni3N NS/Ti 0.2 μM-1.5 mM 0.06   7688 11 

CuO PNBs 0.1 μM-2 mM 0.06   1876.52  12 

M-BDC MOFs 10 μM -0.8 mM 6.68 635.9  13 

Ag–PANI/rGO 0.1 μM-0.05 mM 0.79  2.7664  14 

Ni/Co UMOFNs 0.1 μM-1.4 mM 0.047  2086.7  15 

HMCA/NF 5 μM-2.5 mM 0.43  2.194  16 

Copper-G-COOH  0.1 μM-5.48 mM .00796 1142  17 

SWCNTs/Cu2O/ZnO NRs 

SWCNTs/Cu2O/ZnO 

NRs/graphene 

600 μM-11.1 mM 

(0−5.556) mM & 

(5.556−11.111) 

mM 

 289.8 

466.1 & 203.1 

18 

GS@ZIF-67 hybrids 1 μM-0.8055 mM 0.36  1521.1  19 

Co0.33Ni0.67-HLDH/GCE 10 μM-2.0 mM 3.1  242.9  20 

ND-Gr-NH 5 μM-2 mM 0.1  15431.2  21 

E-NiCo-BTC/GCE 0.001-1.78 &5.03 

mM 

0.187  1789 & 1436 22 

Ag@ZIF-67 2 μM-1 mM 0.66  0.379  23 

Ni-MOF/Ni/NiO/C 4 μM-5.664 mM 0.8  367.45  24 

Ni2P/G 5 μM-1.4 mM 0.44  7234  25 

No−Co phosphate 2 μM-4.470 mM 0.4  302.99  26 

Cu−Co/rGO/PGE 1 μM-4 mM 0.15  240 27 

Ni(OH)2@3DPN 0.46 μM-2.1 mM 0.46  2761.6  28 

VS2/Nf/GCE 0.5 μM-3 mM 0.211  41.96 μA mM−1 29 

NiS/S-g-C3N4 0.1 μM-2.1 mM 1.5  80  30 

NiVP/Pi 100 nM - 1 μM 

100 μM - 10 mM 

3.7 nM 6040 μA μΜ-1 cm-2 

4460 μA μΜ-1 cm-2 

This  

Work 
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